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MEDICAMENT CARTRIDGE 
AND INJECTION DEVICE 

Cross-Reference to Related Applications 
5 The benefit of Provisional Application No. 60/160,895 filed on October 22, 1999 is 

claimed under 35 U.S.C. § 119(e). 

Field of the Invention 

The present invention is directed to a device for delivery of medicament, and in 
10 particular to an medicament cartridge and injection system. 

Background of the Invention 

Liquid pharmaceutical preparations exist which contain insoluble or particulate 
4? constituents. This can be due to the insolubility of the drug in the vehicle in which it is 

m 15 stored. Alternatively, this can be due to the formulation of the drug to purposely render it 

relatively insoluble allowing the drug to be released over extended periods of time once it is 
injected. As a result, the insoluble or particulate constituents in the liquid pharmaceutical 
preparations separate upon storage, even over short periods of time. 

In addition, these pharmaceutical preparations are typically packaged in cartridges 

H 1 20 or pre-filled syringes as the final drug container. There are a number of well known reasons 

Q 

Ipy for packaging the drugs in pre-filled syringes or cartridges ranging from economic 

Q efficiency to ease of use and administration. However, the inherent nature of these 

~ containers makes it difficult to resuspend the settled material since a cartridge or pre-filled 

syringe generally has a smaller volume of area in which to accomplish the resuspension 
25 than what one would normally find in a vial or ampule. As a result, the needle to be used 

for delivering the medication can become clogged if the suspensions are inadequately 

resuspended. 

This potential for a clogged needle is particularly problematic in cases when the 
liquid pharmaceutical preparation containing insoluble particles is self administered or 
30 administered in the home by non-professional care givers. Ordinarily, when these liquid 
pharmaceutical preparations are administered in the hospital or other health care providing 
institutions by trained staff, one can rely on adequate handling of the medication despite 
settled material and plugged needles ensuring proper drug delivery. However when such 
pharmaceutical preparations are self administered or administered in the home by non- 
35 professional care givers, the risk for inadequate handling of the medication increases since 
the injection of such formulations requires that the administrator be able to adequately 
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resuspend any settled material and clear the needle to ensure proper drug delivery. 

Summary of the Invention 

The present invention relates to a medicament cartridge for an injection device for 
5 delivering any liquid based medicament, even those that contain particulate or insoluble 
constituents. The medicament cartridge according to the present invention comprises a tube 
having first and second ends and a lumen with a longitudinal axis for retaining the 
medicament therein, a needle operatively associated with the second end of the tube and 
having a piercing end, a second stopper located within the lumen near the first end of the 
1 0 tube and moveable within the lumen along the longitudinal axis, and a first stopper located 
within the lumen near the second end of the tubular member and moveable within the lumen 
along the longitudinal axis and covering the piercing end of the needle. Relative movement 
between the first stopper and the second stopper compresses the medicament and relative 
y movement between the first stopper and the needle pierces the first stopper to create a fluid 

q) 15 pathway for the medicament through the needle. 

S In one embodiment, the relative movement between the first stopper and the needle 

ry 

y, and relative movement between the first stopper and the second stopper results from the 

fU second stopper moving toward the second end of the tube. The needle is operatively 

~~ associated with the second end of the tube with the piercing end extending from the second 

H 20 end of the tube into the lumen. The piercing end of the needle can be beveled to facilitate 

O 

P | puncturing the first stopper. 

P In an exemplary embodiment, the first stopper has a cavity with a dimple, or 

equivalent thereof, and a narrow cross-section for ease of penetration and the second 
stopper is configured and dimensioned to mate with the shape of the first stopper to 
25 minimize the volume of the medicament remaining in the lumen after the injection is 
completed. The shape of the cavity in the first stopper can be frustroconical or any other 
suitable configuration. The needle can have an injecting tip opposite the piercing end and 
the injecting tip can be beveled to facilitate the injection process. 

In another embodiment, the medicament cartridge further comprises an additional 
30 member that is operatively associated with the second end of the tube and the needle 

wherein relative movement of the second stopper toward the second end of the tube moves 
the entire tube into the member to allow the piercing end of the needle to pierce the first 
stopper and create the fluid pathway for the medicament through the needle. 

In another embodiment, the lumen of the medicament cartridge has a portion with an 
35 enlarged diameter and further comprises a third stopper within the lumen located between 
the second stopper and the enlarged diameter and moveable within the lumen along 
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the longitudinal axis. Typically, a first medicament component is present between the 
second and third stoppers, and a second medicament component is present between the 
third and first stoppers, such that, movement of the third stopper into the enlarged diameter 
portion of the lumen allows the first and second medicament components to mix to form the 
5 medicament. 

Brief Description of the Drawings V ~- 

FIG. 1 shows a cross-sectional view of a first embodiment of a medicament 
cartridge according to the present invention. 
10 FIG. 2 shows a cross-sectional view of the medicament cartridge of FIG. 1 after 

injection firing process to commence an injection. 

FIG. 3 shows a cross-sectional view of the medicament cartridge of FIG. 2 after 
completion of the injection. 

FIG. 4 shows a cross-sectional view of a second embodiment of the medicament 
15 cartridge according to the present invention. 

FIG. 5 shows a cross-sectional view of the medicament cartridge of FIG. 4 after 
injection firing process to commence an injection. 

FIG. 6 shows a cross-sectional view of the medicament cartridge of FIG. 5 after 
completion of the injection. 
20 FIG. 7 shows a cross- sectional view of another embodiment of the medicament 

cartridge according to the present invention with the medicament cartridge having two 
Q chambers. 

jsj FIG. 8 shows a cross-sectional view of the medicament cartridge of FIG. 7 after 

injection firing process to commence an injection. 
25 FIG. 9 shows a cross-sectional view of the medicament cartridge of FIG. 8 when the 

upper stopper has reached the bypass completely expelling the contents of the upper 
chamber into the lower chamber. 

FIG. 10 shows a cross-sectional view of the medicament cartridge of FIG. 9 after 
completion of the injection. 

30 

Description of the Preferred Embodiments 

As shown in Figure 1, a first embodiment of a medicament cartridge 12 according to 
the present invention comprises a tube 14 with a distal or first end 16 and a proximal or 
second end 18. The terms proximal and distal are used with respect to the injection site so 
35 that the distal or first end 16 is the end of tube 14 farthest from the injection site and the 
proximal or second end 18 is nearest to the injection site. Tube 14 defines a lumen 15 that 
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has a cylindrical shape and a longitudinal axis. When medicament cartridge 12 is filled 
with medicament, lumen 15 will be in contact with the medicament. Therefore, tube 14 
should be made of a material compatible with the medicament. Alternatively, the walls of 
lumen 15 could be coated with such a material. An example of a material known to be 

5 compatible with most medicaments is borosilicate glass and other examples of suitable 
materials are well known to those of ordinary skill in the art. The medicament in contact 
with lumen 15, will typically be any liquid or fluid based pharmaceutical preparation, even 
those that contain insoluble or particulate components. 

A needle 20 is operatively associated with second end 18 of tube 14. Needle 20 has 

10 a piercing end 19 that extends into lumen 15 and, in an exemplary embodiment, an injecting 
tip 21 extending beyond second end 18 of tube 14 that can be inserted into the person 
receiving the injection. The length of injecting tip 21 can be selected based on the 
particular application that medicament cartridge 12 is intended to be used in. Also, in an 

^ exemplary embodiment, the piercing end 19 and injecting tip 21 of needle 20 can be 

yy 

gt 15 beveled. 

Jj3 As is the case with most medicament cartridges, a sheath or needle cap 17 typically 

L, covers injecting tip 21 to keep it clean and free from debris. Prior to use, needle cap 17 is 

fU removed. Medicament cartridge 12 also has a first stopper 22 located near the second end 

18 of tube 14 and a second stopper 24 located near the first end 16 of tube 14. The 
20 medicament in lumen 1 5 is located between first stopper 22 and second stopper 24 in 
chamber 26, where chamber 26 is defined as the area of lumen 15 located between first 
stopper 22 and second stopper 24. In an exemplary embodiment, first stopper 22 has a 
cavity shown as a frustroconical shape with a dimple (but other designs are anticipated) and 
narrow cross-section for ease of penetration and second stopper 24 is configured and 
25 dimensioned to mate with the frustroconical shape of first stopper 22 to minimize the 
volume of the medicament remaining in chamber 26 after the injection is completed. 

The present invention encompasses any manner of causing first stopper 22 to contact 
piercing end 19 of needle 20 to create a fluid pathway. For example, piercing of first 
stopper 22 could be caused by movement of needle 20 towards first end 16 of tube 14 by 
30 twisting or pushing needle 20 toward first stopper 22 thereby causing penetration of first 
stopper 22. The following show other methods of piercing first stopper 22 with piercing 
end 19 of needle 20 thereby creating a fluid pathway. 

Figures 2 and 3 show cross-sectional views of medicament cartridge 12 during 
firing. The injection firing process applies a force to second stopper 24 which may 
35 commence the injection firing process that results in a force being applied to second stopper 
24 located near first end 16 of tube 14 urging second stopper 24 in the direction of second 
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end 18 of tube 14. The movement of second stopper 24 in the direction of second end 18 
causes compression of the medicament in chamber 26. As the medicament is 
incompressible to at least some degree, the compression of the medicament results in a 
force building up on first stopper 22. This force continues to build until first stopper 22 
5 begins to move. At that time, first stopper 22, second stopper 24 and the medicament, 
located in chamber 26, move towards the second end 18 of tube 14. This array of first 
stopper 22, medicament, and second stopper 24 move as one unit until first stopper 22 
comes in contact with the piercing end 19 of needle 20. Piercing end 19 of needle 20 
pierces first stopper 22 creating a fluid pathway for the medicament. First stopper 22 ceases 
1 0 to move while second stopper 24 continues to respond to the force exerted on it and moves 
toward second end 18 of tube 14 until all the medicament located in chamber 26 is expelled. 
Since needle 20 is not introduced to the medicament located in chamber 26 until the latter 
end of the firing process, any insoluble or particulate constituents in the medicament that 
may be present cannot settle on needle 20 thereby eliminating any possibilities of needle 20 
g* 1 5 becoming clogged before firing. Also, there is no need to agitate the cartridge to try to mix 

5H or re- suspend the particulate matter because it does not contact the needle until the injection 

n a 

L£ device is fired. 

% Figure 4 shows a cross-sectional view of a second embodiment of the medicament 
cartridge 112 according to the present invention. In general, most of the structure of 
20 medicament cartridge 1 12 is like or comparable to the structure of medicament cartridge 12. 
jy. Accordingly, the same reference numeral is used for like components and discussion of 

these components is not believed necessary. However, unlike medicament cartridge 12, 
medicament cartridge 1 12 operatively associates needle 20 to member 28 and member 28 is 
operatively associated with tube 14 where second end 18 of tube 14 is comprised of first 
25 stopper 22. 

Figures 5 and 6 show cross-sectional views of medicament cartridge 112 during 
firing. The injection firing process commences as a force applied to medicament cartridge 
112 causes relative movement between member 28 and tube 14. This relative movement 
causes first stopper 22 to be pierced by piercing end 19 of needle 20 thereby creating a fluid 
30 pathway for the medicament. If the force causing the relative movement was not applied to 
second stopper 24, then a separate force is applied to second stopper 24 causing it to move 
in the direction of second end 18 of tube 14 ejecting all the medicament located in chamber 
26, which is defined as the area of lumen 15 between first stopper 22 and second stopper 24, 
through needle 20. Since needle 20 is not introduced to the medicament located in chamber 
35 26 until the firing process has begun, any insoluble or particulate constituents in the 
pharmaceutical preparation that may be present cannot settle on needle 20 thereby 
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eliminating any possibilities of needle 20 becoming clogged before firing. Also, there is no 
need to agitate the cartridge to try to mix or re-suspend the particulate matter because it 
does not contact the needle until the injection device is fired. 

Figure 7 shows a cross-sectional view of another embodiment of medicament 
5 cartridge 212 according to the present invention. In general, most of the structure of 
medicament cartridge 212 is like or comparable to the structure of medicament cartridges 
12, 1 12. Accordingly, the same reference numeral is used for like components. 
Medicament cartridge 212 comprises a tube 14 with a distal or first end 16 and a proximal 
or second end 18 wherein tube 14 defines a lumen 15 that has a cylindrical shape and a 
10 longitudinal axis. A portion of lumen 15 has an enlarged diameter which is designated as 
bypass 32. 

A needle 20 is operatively associated with second end 18 of tube 14. Needle 20 has 
a piercing end 19 that extends into lumen 15 and, in an exemplary embodiment, an injecting 
tip 21 extending beyond second end 18 of tube 14 that can be inserted into the person 
15 receiving the injection. The length of injecting tip 21 can be selected based on the 
particular application that medicament cartridge 212 is intended to be used in. 

Medicament cartridge 212 also has a first stopper 22 located near second end 18 of 
tube 14, a second stopper 24 located near first end 16 of tube 14, and a third stopper 30 
J" located between second stopper 24 and bypass 32. The medicament in lumen 15 is located 

t* 20 between second stopper 24 and third stopper 30 in first chamber 38, where first chamber 38 

Sj is defined as the area of lumen 15 located between second stopper 24 and third stopper 30, 

O and between third stopper 30 and first stopper 22 in second chamber 34, where second 

chamber 34 is defined as the area of lumen 15 located between first stopper 22 and third 
stopper 30. First chamber 38 usually contains a particulate, insoluble or colloidal 
25 medicament component and second chamber 34 usually contains a liquid or diluent 
medicament component. 

Figures 8, 9 and 10 show cross-sectional views of medicament cartridge 212 during 
firing. The injection firing process commences by a force being applied to second stopper 
24 located at first end 16 of tube 14 urging second stopper 24 in the direction of second end 
30 18 of tube 14. The movement of second stopper 24 in the direction of second end 18 causes 
compression of the medicament in first chamber 38. As the medicament is incompressible 
to at least some degree, the compression of the medicament results in a force building up on 
third stopper 30. This force continues to build until third stopper 30 begins to move. At 
that time, second stopper 24, third stopper 30 and the medicament, located in first chamber 
35 38, move towards the second end 18 of tube 14. This array of second stopper 24, 

medicament located in first chamber 38, and third stopper 30 continues to move as one unit 
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until third stopper 30 reaches bypass 32. At that time, third stopper 30 ceases to move 
while second stopper 24 continues to respond to the force exerted on it and moves toward 
second end 18 of tube 14 expelling all the medicament located in first chamber 38 into 
second chamber 34 via bypass 32. By forcing the medicament through the bypass and into 
the diluent, it is resuspended and diluted for injection. As force continues to be applied to 
second stopper 24, second stopper 24 and third stopper 30 respond by moving toward 
second end 18 of tube 14. The movement of second 24 and third 30 stoppers in the 
direction of second end 1 8 causes compression of the medicament in second chamber 34. 
As the medicament is incompressible to at least some degree, the compression of the 
medicament results in a force building up on first stopper 22. This force continues to build 
until first stopper 22 begins to move. At that time, first stopper 22, second 24 and third 30, 
stoppers and the medicament, located in second chamber 34, move towards the second end 
18 of tube 14. This array of first stopper 22, medicament, and second 24 and third 30 
stoppers move as one unit until first stopper 22 comes in contact with piercing end 19 of 
needle 20. Piercing end 19 of needle 20 pierces first stopper 22 creating a fluid pathway for 
the medicament. First stopper 22 ceases to move while second 24 and third 30 stoppers 
continue to respond to the force exerted on them and move toward second end 18 of tube 14 
until all the medicament located in second chamber 34 is expelled. Since needle 20 is not 
introduced to the medicament located in chamber 26 until the latter end of the firing 
process, any insoluble or particulate constituents in the medicament that may be present 
cannot settle on needle 20 thereby eliminating any possibilities of needle 20 becoming 
clogged before firing. 

While it is apparent that the illustrative embodiments of the invention herein 
disclosed fulfill the objectives stated above, it will be appreciated that numerous 
modifications and other embodiments may be devised by those skilled in the art. Therefore, 
it will be understood that the appended claims are intended to cover all such modifications 
and embodiments which come within the spirit and scope of the present invention. 
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